RESULTS AND DISCUSSION
Kinetic evidence for a single active site. Isomalto-dextranase from A. globiformis hydrolyzes dextran to release only isomaltose. From isomaltotriose and panose, the common products, isomaltose and glucose, are produced as shown in Fig. 1.1 ) This implies that the enzyme is capable of splitting not only a-1,6-glucosidic linkage but also a -1,4-glucosidic linkage. Hydrolyses of isomaltotriose and panose were kinetically confirmed to occur at a common catalytic site.
When a certain enzyme acts on a mixture of two types of substrates (A and B, isomaltotriose and panose in this case) to form the common products, the kinetic features are different depending on whether the two substrates are hydrolyzed at a single active site, or at dual active sites specific for each substrate.18-22) Conclusive evidence for a single active site mechanism or dual active sites mechanism is provided by analyzing the kinetic features of the mixed substrate system: 1) the possibility of competition between the two substrates, 2) the linearity of Lineweaver-Burk plots, Figure 2 shows the Lineweaver-Burk plots for the hydrolyses of the mixed substrates, isomaltose and panose, at several mole fractions, where v is the initial velocity for the total substrate concentration, and s, the sum of the concentrations of the two substrates, and the mole fraction of each substrate is indicated as f = [isomaltotriose]/([isomaltotriose] + [panose]). The double reciprocal plots corresponding to f = 0 and f =1 represent the values for only panose and isomaltotriose, respectively. The v values for each f was observed to be always less than the sum of the initial velocities for the hydrolysis of each substrate, v1 and v2: v < Vi + v2; that is, the competition between the two substrates was observed. For instance, when the concentrations of isomaltotriose and panose were 0.144 mM and 0.096 mM, respectively, the v values calculated by Michaelis-Menten equation for each substrate were 8.1 i mole of glucose/mg of enzyme/min (v for isomaltotriose) and 5.6 ,eimoles of glucose/mg of enzyme/min (v for panose), whereas the experimental value measured with the mixed substrate (0.24 mM, f = 0.4) was 11.4 /moles of glucose/mg of enzyme/min (83% of the sum of v for isomaltotriose and v for panose, 13.7 imole of glucose/mg of enzyme/min). These characteristics of the kinetic behavior sug- Figure 3 shows the dependence of the experimental and theoretical values of V and Km on f . The experimental data were in good agreement with the theoretical ones predicted for a single active site mechanism. In the kinetic and chemical modification analyses of the isomalto-dextranase,23) the essential ionizable groups for the hydrolytic reaction of dextran and isomaltotriose have been confirmed to be a carboxyl (-COOH) and a carboxylate (-COO-) groups. The findings are considered to strongly support that isomalto-dextranase catalyzes the hydrolytic reaction at a common catalytic site. and hydrolysis of isomalto-dextranase to pullulan.
Graphic symbols described in Scheme 1.
•@ Action of recombinant enzyme on pullulan. 
